Atrial fibrillation prevalence is increasing with age, reaching up to 5% of patients older than 65 years, and is associated with 20%--30% of stroke episodes in that population.[@b1],[@b2]

Oral anticoagulation is still currently the reference treatment of thromboembolic risk prevention in patients with atrial fibrillation (AF).[@b3],[@b4] In patients with non-valvular AF, percutaneous left atrial appendage closure (LAAC) has emerged as an alternative approach to reduce the risk of stroke.[@b5]--[@b9] However, one should worry about the potential hemodynamics consequences of left atrial appendage (LAA) exclusion. The role of the LAA in cardiac hemodynamics has been previously investigated in both animal and human studies.[@b10]--[@b15] While percutaneous LAAC and its specific indications are rapidly expanding, we aimed to non-invasively assess the impact of percutaneous LAA occlusion on atrial anatomy and cardiac hemodynamics.

In this prospective study, we included all consecutive patients with non-valvular AF who underwent LAAC in our institution using either the amplatzer cardiac plug (ACP) device (St. Jude Medical, Minneapolis, Minnesota) or the watchman device (Boston Scientific, Natick, Massachusetts). Our local protocol included a complete screening at baseline before the procedure and after three months of follow-up, including clinical evaluation, electrocardiogram transthoracic echocardiography (TTE) and contrast-enhanced cardiac computed tomography (CT). Patients with changes in heart rhythm \[from Sinus rhythm (SR) to AF or the other way around\] between baseline and post implantation follow up were excluded.

LAAC procedural techniques and TTE assessment of the left ventricular (LV) diastolic function and filling pressures have been previously described.[@b6],[@b7],[@b16] ECG-gated cardiac CT was performed pre-procedurally -- for LAA anatomical assessment and to rule out the presence of LAA thrombi -- and 3 months post-procedurally -- to evaluate device position, device-related thrombus and the presence of residual peri device leaks on a 64--slice CT scanner (Somatom Definition Dual Source^®^, Siemens Medical Solutions, Erlangen, Germany). LA volume assessment was performed by two experienced independent readers using the OsiriX^®^ software package (OsiriX MD, Pixmeo Inc, Geneva, Switzerland), with a threshold-based region-growing 3D segmentation of the left atrial cavity, as previously described.[@b17],[@b18]

Sixty-three patients underwent successful LAAC during the study period. [Table 1](#jgc-14-08-496-t01){ref-type="table"} summarizes patients\' demographic, TTE, and CT data at baseline and after three months of follow-up. After 3 months of follow-up, no recurrent stroke nor other thromboembolic complications were observed. No significant difference was seen regarding patients\' functional status (New-York Heart Association I: 33% *vs.* 34%, *P* = 0.82; NYHA II: 60.3% *vs.* 55.7%, *P* = 0.34; NYHA III: 6.3% *vs.* 9.8%; *P* = 0,74), BNP rates (155.6 ± 107 pg/mL baseline *vs.* 155 ± 150.6 pg/m at three months; *P* = 0.85), or the daily dose of loop diuretics (69.4 ± 58.1 pg/ml *vs* 67 ± 50.4 pg/mL; *P* = 0.16).

###### Patients demographic, echographic and computed demography data at baseline and after three months of follow-up.

  Variable                             Baseline     Three months   *P*
  --------------------------------- -------------- -------------- ------
  Age, yrs                            73.7 ± 8.9         \-       
  Male Gender                         38 (60.3%)         \-       
  CHA~2~DS~2~-VASc score              4.3 ± 1.3          \-       
  HASBLED Score                       3.4 ± 0.9          \-       
  Sinus rhythm/AF                       27/36          24/39       0.42
  Hear rate, beats/min                 70 ± 17        72 ± 17      0.88
  BNP levels, pg/mL                   155 ± 107      155 ± 150     0.85
  Loop diuretic treatment, Yes/No        9/54          12/51       0.33
  Loop diuretic dose, mg               69 ± 58        67 ± 50      0.16
  TTE measurments                                                 
   LVEF, %                              58 ± 7         60 ± 5      0.78
   Peak mitral E-wave, m/s           84.2 ± 22.7     86.7 ± 26     0.62
   Peak mitral A-wave, m/s           65.4 ± 18.4    68.5 ± 22.2    0.66
   Peak lateral E\' wave, cm/s        11.1 ± 2.8      10 ± 2.9     0.15
   E/A ratio                          1.1 ± 0.4      1.1 ± 0.6     0.96
   E/E\' ratio                        7.9 ± 2.1      9.1 ± 3.6     0.03
  CT left atrial volume, mL                                       
   Overall population                145.5 ± 55.4   144.3 ± 50.5   0.30
   Sinus rhythm patients             99.7 ± 19.1    103,.8 ± 21    0.32
   AF patients                       173.2 ± 54.2   171.7 ± 48.6   0.59

Data was presented as Mean ± SD or *n* (%). AF: atrial fibrillation. BNP: brain natriuretic peptide; CHA2DS2-VASc: cardiac failure, hypertension, age, diabetes, stroke, vascular disease; HASBLED: hypertension, zbnormal renal and liver function, stroke, bleeding, labile INR, elderly, drugs or alcohol; LVEF: left ventricular ejection fraction. TTE: transthoracic echocardiography.

Five patients who could not have contrast-enhanced cardiac CT due to renal failure were excluded from subsequent analysis. The mean heart rate during CT acquisition did not differ between baseline and follow-up studies neither in the overall population (70 ± 17 *vs.* 72 ± 17 bpm, *P* = 0.88), nor in the SR (*P* = 0.16) and the AF subgroups (*P* = 0.99). Intra-and inter-observer variability of LA volume measurement was excellent, with an intraclass correlation coefficient of 0.999 (95% CI: 0.996; 1.000) and 0.975 (95% CI: 0.937; 0.991), respectively.

Overall, mean LA volume was 145 ± 55 mL and 144 ± 50 mL at baseline and during follow-up, respectively, showing no statistical difference (*P* = 0.30) ([Figure 1](#jgc-14-08-496-g001){ref-type="fig"}). No difference was seen between baseline and follow-up in SR or AF patient\'s subgroups (99.7 ± 19 *vs.* 103.8 ± 21 mL, *P* = 0.32; 173.2 ± 54 baseline *vs.* 171.7 ± 48.6 mL, *P* = 0.59, respectively) ([Table 1](#jgc-14-08-496-t01){ref-type="table"}). No thrombus was seen on the atrial side of the device. Peri-device leaks (defined as presence of dye in LAA beyond the device) were observed in 23 patients (39%) but were trivial or mild.
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Volumetric assessment was performed on sets of axial images. The outline of the LA was traced manually on each slice, excluding the mitral valve (A) pulmonary veins (B, C) and the LAA (B, C). After selecting all the regions of interest within one series, OsiriX^®^ automatically calculated the volume by multiplying surface and slice thickness and then adding up individual slice volumes. OsiriX^®^ also provided 3D images using the "ROI volume" tool (D). CT: computed tomography; LAA: left atrial appendage; ROI: region of interest.](jgc-14-08-496-g001){#jgc-14-08-496-g001}

Regarding TTE assessment of diastolic function, no significant difference was observed in the overall population between baseline and follow-up, except for E/E\' ratio which increased after LAA closure (7.9 ± 2.1 *vs.* 9.1 ± 3.6; *P* = 0,038). No difference was observed in SR and AF subgroups ([Table 1](#jgc-14-08-496-t01){ref-type="table"}).

The LAA is an embryologic remnant of the left atrium where 90% of thrombi are located in patients with non-valvular AF. It seems to play, among others, a significant haemodynamic role.[@b10]--[@b15] Davis, *et al*.[@b10] evaluated the compliance of the left atrium with and without the LAA in six isolated canine left atria. They found that the slope of the pressure in the left atrium without the appendage was significantly greater than with the appendage intact. In another animal study, Hoit, *et al*.[@b11] similarly showed that the left atrial reservoir volume significantly decreased after appendectomy at matched left atrial pressures. These experimental data suggest that the LAA may play a critical role in maintaining hemodynamic function when filling pressures are elevated. This hypothesis was further confirmed by Tabata and colleagues, who showed that LAA temporary exclusion during cardiac surgery in 15 patients led to an increase in LA pressure.[@b14] The LAA reservoir function in the presence of LA pressure and/or volume overload was therefore established. Other that its haemodynamic function, the LAA also has an endocrine role, as it contains stretch- sensitive receptors that may influence natriuretic peptide secretion in response to variations of left atrial pressures.[@b15]

On the other hand, the LAA may have deleterious effects as it is known to be the most common source of embolic stroke in non-valvular AF (up to 90% of cases).[@b5] Therefore, LAAC has emerged as a valuable therapeutic option for thromboembolism prevention in AF patients with a high bleeding risk. However, the haemodynamic impact of LAA transcatheter closure has not been clearly assessed and raises questions, as percutaneous LAAC is expanding in elderly people (most of them having LV diastolic dysfunction), and may involve younger patients in the future. Indeed, since the study of Hanna and colleagues in 2004 which did not demonstrate a significant impact of the plaato device on the mitral valve and pulmonary veins six months after LAAC, there is no recent study evaluating the possible hemodynamic effect of LAAC.[@b19] In a series of 11 patients implanted with a plaato device and evaluated using TEE, the authors showed no significant change on LA size, mitral regurgitation severity, and mitral valve peak E-wave velocities between baseline and 6 months after LAAC.

In this preliminary study, we aimed to non-invasively evaluate the impact of LAAC on left sided haemodynamic based on basic imaging parameters including TTE conventional Doppler measurements and CT-derived LA volume. After three months, in patients with stable clinical conditions, we found no significant LA remodelling in the overall population, nor in SR and AF patients\' subgroups. However, we demonstrated a significant increase of E/E\' ratio, suggesting a possible elevation of LV filling pressures.

By losing the reservoir function of the LAA after closure, we might have expected a more significant post-procedural LA remodelling. Several factors may explain our results: (1) our evaluation was relatively early (three months) regarding the potentially slow remodelling of cardiac chambers and should be repeated after a longer follow-up, (2) the persistence of temporary small atrial septal defect following trans septal puncture is not rare, with an incidence of 20% after six months, and may allow a left-to-right shunt that may impact volume/pressure atrial patterns, which is supported by the observed elevation of TTE E/E\' ratio, and (3) the presence of residual peri-device leak, although small and probably without haemodynamic consequences, must be taken into account.[@b20]

The left ventricular diastolic function depends on many parameters: relaxation and LV compliance, ventricular systolic function, preload and afterload conditions, and LA function.[@b21],[@b22] In healthy subjects, LA function contributes 20% to 30% to the LV filling. Echocardiography is the cornerstone for the non-invasive evaluation and quantitation of diastolic function.[@b23] Peak mitral early filling velocity E (early and passive LV filling) in conjunction with early mitral annular velocity (E\') obtained with the use of tissue Doppler imaging (LV myocardial relaxation) and peak mitral A wave (end-diastole atrial contraction) are used to estimate diastolic function and left filling pressures using E/A and E/E\' ratios.[@b23]

In our study, SR patients presented at baseline with a pseudo normal pattern of E/A ratio of 1.1 traducing a decrease in LV myocardial relaxation, which is usually observed in elderly patients. E/A ratio was not modified at three months in the SR group. Conversely, in the overall population, we found a significant increase in E/E\' ratio between baseline and three months after LAAC. This trend toward a moderate elevation of LV filling pressures was observed in patients who remained clinically stable, with no modification of diuretics dose nor increase of BNP values. However, one must be cautious with the conclusions drawn from this result for several reasons: first, the mean absolute value of E/E\' remained \< 12 which is the cut-off indicating elevated LV filling pressures, secondly a recent meta-analysis showed that there was insufficient evidence to support that E/E\' ratio can reliably estimate LV filling pressures in patients with preserved ejection fraction, which was the case of our study population.[@b23],[@b24]

This preliminary study shows intermediary results but sheds some light on the potential impact of LAAC. Indeed, as this therapy is expanding to a wide population, the potential mid- to long term drawbacks of the technique should be anticipated. This paper also has the merit of opening the door to other works, including for instance acute haemodynamic studies during LAAC. Our results also encourage us to be very cautious when performing LAAC in patients with patent heart failure, whether with preserved or altered LV ejection fraction, and to monitor the possible occurrence of cardiac failure.

This is a non-randomized, hypothesis-generating observational study reporting a prospective single-centre experience. Regarding TTE analysis, other diastolic function parameters such as deceleration time or isovolumetric relaxation time to better refine our results. The LA mechanical function could also have been assessed using speckle tracking. Invasive haemodynamic data could also have been useful to determine the impact of LAAC but it was not ethically possible to perform such a study in this very fragile population, which is why we chose to perform a non-invasive assessment. Finally, the follow-up duration is relatively short and LA remodelling might be longer. The evaluation should therefore be repeated after a longer follow-up period.

In summary, this preliminary study is the first to non-invasively evaluate the left atrial haemodynamic impact of percutaneous LAA closure. We showed no early significant LA remodelling but a trend toward an increase in LV filling pressure. Our results also encourage us to be very cautious when performing LAAC in patients with patent heart failure. This paper also has the merit of opening the door to other works, including for instance acute haemodynamic studies during LAAC and assessment of LA remodelling after a longer follow-up period.
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